Objectives: The objectives of this study were to determine the association between recurrent trauma admissions (recidivism) and subsequent longterm mortality, and to identify those in most need for preventive interventions. Background: Patients with a single intentional injury have been shown to have a higher risk of future injury mortality than those with unintentional injury with 5-year mortality rates as high as 20% being reported for recurrent penetrating trauma. Trauma recidivism identifies a high-risk population, but its association with long-term mortality is largely unknown. Methods: Patients with 1 or more previous admissions to an urban trauma center (recidivists) were identified and compared with those with single admissions (nonrecidivists) from 1997 to 2008. The trauma registry was linked to the National Death Index to determine both the cause and time to death after hospital discharge. Statistical analysis included chi-square tests, Kaplan-Meier survival curves, and Cox proportional-hazards models. Results: Trauma recidivists were 7% of the total trauma population from 1997 to 2008, representing 3147 patients. Recidivists were more likely to be male (P < 0.0001), Black (P < 0.0001), have a blood alcohol content above 80 mg/dL (P < 0.0001), and suffer a penetrating injury (P < 0.0001) compared with nonrecidivists. Recidivists with both initial blunt and penetrating injuries had higher rates of long-term mortality after discharge. Recidivists were more likely to die of any cause based on Cox proportional-hazard ratios [hazard ratio (HR) 1.77, 95% confidence interval (CI) 1.57-2.01], injury death (HR 2.02, 95% CI 1.66-2.47), and disease death (HR 1.65, 95% CI 1.41-1.92) than nonrecidivists. Conclusions: Male sex, Black race, and elevated blood alcohol content and penetrating injury are associated with trauma recidivism which leads to a higher risk of death. There is a critical public health need to develop interventions to reduce trauma recidivism and preventable death.
LEARNING OBJECTIVES
After participating in this activity, the reader should be better able to: 1. Identify trauma recidivists, recognize common characteristics for this population and understand the need for prevention in high risk patients 2. Compare the long-term mortality outcomes for trauma recidivists versus non-recidivists Trauma recidivism, defined as the incidence of new, recurrent injuries requiring patient evaluation and treatment, accounts for thousands of high-risk trauma admissions annually in the United States, with 1 study reporting recurrent rates up to 44% in cases of urban violence. [1] [2] [3] [4] Recurrent penetrating trauma has historically been associated with up to a 20% five-year mortality, with the likelihood of mortality increasing 2-fold with each additional visit. 4, 5 Admissions for multiple injury episodes increase healthcare costs, with the estimated annual costs of a single center due to trauma recidivism of $2.5 million and $1.2 million for urban and rural trauma centers annually, respectively. 6, 7 One study found that the average time to reinjury for trauma recidivists was 18.4 months, creating a potential window for public health intervention. 3 However, modifiable risk factors associated with trauma recidivism and potential targets for intervention are not well understood.
Whereas there have been improvements over the years in reducing in-hospital mortality after trauma, there is increasing attention to decrease the risk of death during the long-term follow-up period. 8 In a systematic review conducted by Niven et al, 9 it was concluded that long-term mortality after hospital discharge was especially significant in older patients, those with increased hospital length of stay, and those who were not discharged to home. Haider et al 10 found that although patients who suffer a singular intentional injury have similar long-term mortality as those who suffer an unintentional injury, they are more likely to have a future injuryrelated death.
Although long-term mortality after a single trauma admission has been explored, trauma recidivism and its association with longterm mortality is poorly understood. 8, 10 In this study, we aim to better understand the association between trauma recidivism and future mortality risk. The specific objectives are to determine the burden of trauma recidivism in an urban trauma center, to define the characteristics of trauma recidivists compared with nonrecidivists, and to explore the association between trauma recidivism and long-term mortality from both injuries and disease. The public health implications of this study include improving the identification of a high-risk population for trauma recidivism to allow for treatment, intervention, and prevention of mortality.
METHODS

Study Design, Data Source, and Study Population
Death Index (NDI). This registry contains data on over 60,000 admissions and extensive information on injuries, substance use, and pre-existing comorbid conditions. For this study, we included demographic and injury information related to the last recorded trauma admission during the study period including the most recent demographic data for each individual over 18 years of age.
Based on the last recorded admission to the hospital between 1997 and 2008, trauma recidivists were defined as patients with one or more previous admissions since the commencement of the trauma registry in 1983 using a unique identification number for each new injury episode. Recidivists could not be detected using medical record alone as it was determined that a single patient could have multiple medical record numbers, even for the same admission. Recidivists were identified through a statistical programming code that incorporated the patient's name, medical record number, and social security number. Repeat admissions due to complications or follow-up treatment for the same injury were not considered new injuries.
Only patients discharged from the hospital alive were included in our study. Additionally, patients who died within 60 days of discharge were excluded to focus on deaths from new injuries and minimize inclusion of deaths due to complications of the original injury. 11, 12 Patients transferred from another hospital were also excluded, because complete details on admission evaluation, including alcohol and drug screening, were not available, and subsequent patient visits were thought more likely to occur at another facility.
The NDI was initially established in 1980 and has since been regarded as the gold standard for mortality data being more complete and easily accessible than individual death certificates. [13] [14] [15] [16] The NDI-Plus system was later developed to include both multiple cause mortality follow-up and demographic data. State Vital Statistics offices submit information from death certificates to the National Center for Health Statistics (NCHS) to compile the computerized record. Identifying information (social security number, date of birth, sex, and name) on all patients in the STC trauma registry was sent to the NCHS for linkage to the NDI-Plus system. NDI linkage of this nature has been shown to have greater than 95% sensitivity and 99% specificity. 17, 18 NDI data from 2008 were used, including cause of death by ICD-9 and ICD-10 codes and date of death, allowing for 1 to 11 years of follow-up depending on timing of last injury. Probability matches were returned to us for incorporation into our database. Patients without matches were assumed to be alive as in previous studies. 10, 19 This study protocol was approved by the Institutional Review Board at the University of Maryland School of Medicine.
Study Covariates
Covariates of interest potentially associated with both trauma recidivism and mortality were determined by a thorough assessment of the literature, clinical expertise, and unadjusted associations. Sociodemographic factors included age, sex (male or female), and race (White, Black, or other). The other race category was composed of Hispanics, Asians, American Indians/Alaskan Natives, and those whose race status was unknown. Injury-specific covariates included the following: mechanism of injury (blunt or penetrating), blood alcohol content (BAC, mg/dL), urine drug screen, Injury Severity Score (ISS), and pre-existing comorbidities. Urine drug screen was considered positive if the patient was identified as having any of the following substances in their urine: cocaine, opiates, amphetamines, benzodiazepines, or barbituates. Cormorbidities including myocardial infarction, congestive heart failure, diabetes, hypertension, chronic obstructive pulmonary disease, cerebrovascular attack, liver problems, renal failure, and dementia were based on recorded medical history (determined by self-report, family report, and the medical record). Penetrating injuries were mostly knife-related (E-code 966) and gun-related (E-code 965). Blunt injuries were mostly motor vehicle traffic crashes (E-code 810-819), falls (E-code 880-888), and assaults (E-code 960 and 968). Admission-specific covariates taken into account were hospital length of stay in days and discharge status to home, a hospital facility, or other facility including rehabilitation.
Statistical Analysis
Bivariate chi-square analysis was conducted to evaluate the potential relationships of both trauma recidivism and mortality with covariates. A covariate was considered as a potential confounder if significantly associated with both the outcome and exposure in preliminary analysis or in previous literature. Kaplan-Meier survival curves were constructed to compare rates of death overall and stratified by blunt and penetrating injury admissions. Time to death after trauma center discharge was compared between recidivists and nonrecidivists using the Wilcoxon rank-sum test. A Cox proportional-hazards model was utilized to determine the association between trauma recidivism and time to death, controlling for confounders. Findings were considered significant at a P value of <0.05.
RESULTS
Sample Population
The final sample was 46,266 patients who were discharged alive as of December 2008. Trauma recidivists accounted for 7% of the sample trauma population, representing 3147 patients (Table 1) . Recidivists were more likely to be younger (P < 0.0001), male (P < 0.0001), Black (P < 0.0001), have a BAC above 80 mg/dL (P < 0.0001), have a positive urine drug screen (P < 0.0001), and suffer a penetrating injury (P < 0.0001) compared with nonrecidivists (Table 1) . Comorbidities, ISS, hospital length of stay, and discharge status did not significantly differ between recidivists and nonrecidivists (Table 1) .
Long-term Mortality
There were 3292 patients (7.1%) who died during the followup period with 798 (24.7%) dying of injury and 2494 (75.8%) dying of disease. Seven per cent of nonrecidivists (n ¼ 3003) died compared with 9% of recidivists (n ¼ 289), with recidivists having a higher percentage of death from injuries compared with nonrecidivists (40% vs 23%). The top 5 causes of disease-related deaths among recidivists were heart disease (23.7%), cancer (15.0%), HIV (12.1%), chronic liver disease (6.4%), and stroke (5.2%). For nonrecidivists, the top 5 causes of disease-related deaths were heart disease (26.1%), cancer (21.2%), stroke (6.6%), HIV (4.6%), and influenza/pneumonia (3.9%). In the unadjusted analysis, recidivists were more likely to die from all causes than nonrecidivists (P < 0.0001) ( Table 1) . Kaplan-Meier curves showed significantly decreased survival of recidivists compared with nonrecidivists (P < 0.0001) with an increasing disparity in survival over time (Fig. 1) . Similar results were found with stratification by mechanism of initial injury. Recidivists with blunt injury, however, had a 4% greater risk of future all-cause mortality over time when compared with those with penetrating injuries (Figs. 2 and 3) .
Cox proportional-hazards models adjusted for age, sex, race, ISS, BAC, mechanism of injury, urine drug screen, discharge location, and number of comorbidities showed recidivists were more likely to die of all causes [hazard ratio (HR) 1.77, 95% confidence interval (CI) 1.57-2.01], injury-related death (HR 2.02, 95% CI 1.66-2.47), and disease-related death (HR 1.65, 95% CI 1.41-1.92) when compared with nonrecidivists (Table 2) . Median time to death for recidivists was 2.0 years for injury death and 2.8 years due to disease. Median time to death for nonrecidivists was 2.2 years for injury death and 3.1 years due to disease. While recidivists had a slightly shorter time to death compared with nonrecidivists, there was no statistically significant difference for injury (P ¼ 0.84) or disease (P ¼ 0.18). Sex was associated with long-term mortality, with male sex being a stronger predictor of injury death (HR 1.92, 95% CI 1.58-2.33) compared with disease mortality (Table 2) . Race was a predictor of disease-related long-term mortality with higher rates in Blacks (HR 1.21, 95% CI 1.10-1.23), but not future injury mortality (Table 2) . Elevated BAC and positive urine drug screen were associated with increases in both injury and disease long-term mortality. BAC over 80 mg/dL had a larger effect on increased HR for injury-related death compared with disease death (Table  2) . Penetrating injury was a predictor of injury-related long-term mortality (HR 1.70, 95% CI 1.41-2.04), but not with future disease mortality ( Table 2 ).
In the Cox proportional-hazards analysis stratified by mechanism of initial injury, recidivists were more likely to die than nonrecidivists after suffering blunt (HR 1.86, 95% CI 1.62-2.12) or penetrating injuries (HR 1.42, 95% CI 1.04-1.93) ( Table 3) . Male sex, Black race, and positive urine drug screen were predictive of long-term mortality for blunt but not penetrating trauma admissions. 
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Trauma Recidivism and Long-term Mortality (Table 3 ) Positive BAC was predictive of long-term mortality for both blunt and penetrating injury admissions (Table 3) .
DISCUSSION
Trauma recidivists, who represented 7% of the study sample, had a 77% higher risk for long-term mortality than nonrecidivists adjusting for confounders. The risk of injury-related death was 35% higher than that for disease-related death for trauma recidivists based on HRs. Recidivists suffering both blunt and penetrating injuries had a higher risk of death overall than their nonrecidivist counterparts. Recidivists with blunt injuries did, however, have a higher hazard for all-cause mortality than recidivists with initial penetrating injuries. Elevated BAC and positive urine drug screen were modifiable risk factors for recidivism and were also associated with increased longterm mortality.
Whereas rates of trauma recidivism in previous studies range from 1% to 44%, the majority of hospitals fall between 1% and 10% based on rural versus urban setting and age of study population. [1] [2] [3] 5, 7, [20] [21] [22] [23] For this study, trauma recidivists were defined as patients with return admissions for a new injury to this specific trauma center. Although efforts were made to maximize the ability to capture new trauma injuries in those previously admitted by eliminating transferred patients, our trauma center is within close proximity of other trauma centers, potentially reducing the likelihood of patients returning here for care. Although our numbers are substantial, we may have underestimated our rates of trauma recidivism due to this and the potential limitations of the identifiers used to recognize recidivists in the database.
Black race was a predictor of elevated all-cause future mortality, but this was due to disease not injury, even after adjusting for confounders such as age. Interestingly, White patients had both a higher number of comorbidities and older average age than Blacks. Although the direct cause of the racial differences in disease-related mortality is unclear, undiagnosed and poorly managed comorbidities could be a part of the issue as we were only able to adjust for known comorbidities. It is unlikely that the diseases that led to an increased risk of death in recidivists are related to the initial traumatic injury due to the types of diseases being common to the overall US population and the average time to death being 2 to 3 years. The disease-related causes of death in recidivists are also not consistent with potential complications of traumatic injury such as septicemia and pneumonia. In addition to acute care trauma services, close follow-up with primary care physicians after discharge for trauma is necessary. The ''other'' race category had a lower hazard of both injury and disease mortality when compared with Whites, but the variability of this group, which consists of Hispanics, Asians, Native Americans, and those of unidentified race or ethnicity, makes this result difficult to interpret.
We found penetrating trauma to be associated with recidivism as seen in previous studies, but those recidivists with blunt injuries had a higher HR for long-term mortality. Penetrating trauma has been shown to have up to a 20% 5-year mortality rate with an increase in mortality for each recurrent admission to that given trauma center. 5 Although deaths in the first 60 days after discharge were excluded, a death due to prolonged complications of an initial injury which is more common after blunt injuries can persist for up to 1 year afterwards. 11, 12 In Haider et al's 10 study of the association between single incidence of trauma and long-term mortality, there was no significant difference found in the hazard for death among those admitted with unintentional compared with intentional injuries. There was, however, a higher risk for injury death for the patients with intentional injuries. Their study did not exclude deaths within 60 days of discharge for initial injury and this may have allowed deaths due to complications to be left in the results. Additionally, our study had a much larger sample size and greater follow-up period to allow for a higher number of events with 3292 deaths over the study period compared with 302 in the earlier study.
Our study focused on those high-risk patients with recurrent injuries and on mechanism of initial injury not intent. We classified injuries as penetrating or blunt instead of due to injury intent. We believe this is a particular strength as intent can be misclassified or difficult to determine. [24] [25] [26] Looking at mechanism of injury, by blunt or penetrating, also enables us to see exactly how history of a previous traumatic injury can play a role in the risk of death on the basis of type of injury sustained in a future trauma admission. We also did not stratify by injury causes due to limitations in power.
Female sex was protective against long-term mortality which is consistent with previous studies. It has previously been found that women demonstrate a 21% lower adjusted risk of death after trauma compared with males with similar injuries [odds ratio (OR) 0.79, 95% CI 0.76-0.83). 10, 27 Female sex, in and of itself, is also associated with a lower risk of repeat injury, with the majority of trauma recidivists being male. 5, 28, 29 Strengths of this study included the high sensitivity and specificity of linkage with the NDI, a focus on a high-risk population, a large sample size with extended follow-up, and high rates of alcohol testing at 94% compared with 43% in the National Trauma Data Bank in 2008. 30 None of the earlier studies included detailed testing for alcohol or other drugs, both factors which we found to be highly predictive of subsequent mortality. Limitations included a focus on a single, urban trauma center limiting generalizability, lack of covariates to estimate socioeconomic status such as insurance status or median household income data, and no objective information on mental health comorbidities which have been shown to be associated with trauma recidivism. 28, 29, 31 In addition, the small number of deaths from specific causes prevented us from examining deaths by injury cause groups, and the high cost of linking to the NDI restricted obtaining additional data. Although the NDI provided extensive long-term mortality data, the outcomes of traumatic injury could be broad and potentially include psychological disability and limited functional status which are not quantified by this study.
One example that could be a model for developing interventions to reduce the risk of all recurrent injuries regardless of cause is hospital-based violence intervention programs (HVIPs). There is increasing evidence that these HVIPs are effective in reducing injury recidivism. 28, 32, 33 These programs focus on the social circumstances of the patient and modifiable risk factors for recidivism including employment, mental health services, and substance abuse counseling. There is greatest efficacy of these programs when focusing on the highest risk populations such as trauma recidivists. 28, 33 In a randomized control trial of a HVIP assessing patients with recurrent injuries on parole or probation, Cooper et al 28 found lower rates of injury recidivism (5% vs 36%), lower rates of future arrests (Relative Risk 0.4, 95% CI 0.28, 0.67), and higher rates of employment (þ43% vs À25%) in the intervention group compared with the control. Additionally, Duncan et al 33 found a 16% decrease in assaults in the area around a given trauma center after the implementation of a program that included mentoring, counseling, job placement, and education components.
Our study identified modifiable risk factors for trauma recidivism and the characteristics associated with long-term mortality. As we move toward to appreciating and implementing more preventive services in this country, there is a critical public health need to focus our efforts on reducing trauma recidivism and subsequent preventable death.
